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I, Edward Schwarz, Ph.D., a citizen of the United States of America, residing at 1 25 
Barclay Square Drive, Rochester, New York, 14618, USA, hereby declare: 

1. I am a Professor of Orthopedics, Medicine, Biomedical Engineering, Pathology, 
Microbiology and Immunology at the University of Rochester, Rochester, New 
York, USA. I have a Ph.D. in Microbiology and Immunology from the Sue 
Golding Graduate Division of the Albert Einstein College of Medicine, Bronx, 
New York. My fields of expertise are Molecular Biology, Gene Therapy, Stem 
Cell Biology and Musculoskeletal Tissue Engineering. Specifically, I have been 
involved in the study of revitalizing bone grafts using gene therapy and stem cell 
approaches. 

2. My Curriculum Vitac and list of publications are attached herewith as Appendix 1. 

1 

PAGE 10/29 * RCVDAT 2/20/2007 10:29:22 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-2/22 * DNIS:2738300 * CSID:W64175511 < DURATION (mm-ss):1442 



BEST AVAILABLE COPY 



20. Feb. 2007 1 7:27 PEARL COHEN ZEDEK LATZER No. 3226 P. T 



3. 1 have read the subject Application and have reviewed the patent Prosecution 
History, including the Office Action of April 04, 2006, November 15, 2005, July 
21, 2005, December 7, 2004, October 22, 2004, June 21, 2004, and September 
9, 2003, The subject Application describes inter alia, ex-vivo methods of 
transforming or transducing mesenchymal stem cells with a nucleic acid, which 
encodes for BMP-2 protein, for implantation in a subject in need of bone repair 
or regeneration. 

4. Claim 24 of the subject Application recites a method of inducing organized, 
functional bone formation at a site of bone infirmity in a human, comprising the 
steps of: 

(a) transforming a cultured mesenchymal stem cell 
with a DNA encoding human bone 
morphogenesis protein 2 (BMP-2); 

(b) culturing the cultured mesenchymal stem cell 
transformed in step (a), under conditions 
enabling expression of said DNA encoding 
bone morphogenesis protein 2; and 

(c) implanting said cultured mesenchymal stem cell 
in an allogeneic subject, at a site of bone 
infirmity 

whereby autocrine and paracrine effects of expressed human bone morphogenesis 
protein 2 at said site of bone infirmity result in organized, functional bone formation, 
thereby inducing organized, functional bone formation at a site of bone infirmity. 

5. The specification provides exemplification of the claimed material, whereby 
mesenchymal stem cells transduced with a BMP-2 containing construct 
effectively stimulated functional bone formation, including formation 
specifically along defect edges. Example 1 demonstrated Lhat regulated 
expression of BMP-2 was highly effective in promoting bone formation at a 
segmental defect site. Example 4 demonstrated that marrow osteoprogenitor 
cells genetically modified to express BMP were effective in promoting bone 
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formation as well. Example 8 demonstrated the advantage of combined 
paracrine and autocrine effects afforded by the use of the ex-vivo transfomied 
cells, which resulted in superior bone formation, when compared to paracrine 
effects alone, and Example 1 1 demonstrated that only MSC expressing BMF-2 
(MSC-BMP-2) provided was incorporated in newly formed hone trabecules, and 
formed superior quantitative and qualitative bone, this despite the fact BMP-2 
was secreted at a roughly 1 00 times lower concentration than that of CHO cells 
transduced to express BMP-2 and 100 times lower concentration than the 
amount of "BMP-2 loaded on collagen sponges, 

6. The Examiner rejected the claims of the above-ideniified application as 
allegedly being obvious to one skilled in the art, based on Ahrens et al. (DNA 
and Cell Biology, Volume 12, NO- 10, pages 87U880, 3993) and in view of 
United States Patent No. 5,763,4 16 (Bonadio et al.) and United States Patent No. 
6,048,964 (I^e et al.). As I understand, the Examiner alleged that Bonadio's 
described targeting of progenitor cells in vivo, combined with Ahren's described 
transduced cell render the claims obvious to one of ordinary skill in the art. The 
Examiner rejected claim 27 as allegedly being obvious to one skilled in the art 
in view of the above cited references, further in view of Wozney, and claim 28 
as allegedly being obvious to one skilled in the art in view of the above cited 
references, further in view of Hattcrslcy. 

7. It is my opinion that the Examiner is incorrect in his assertion. In my opinion, 
Bonadio does not provide a credible foundation for a method of stimulating 
bone formation at a site of a bone infinnity by implanting" a mesenchymal stem 
cell transformed/transduced with a BMP-2 construct. Bonadio targets a 
heterogeneous population of cells. While Bonadio describes specific targeting 
of progenitor cells, this contention is not credible, since stem cells if present, arc 
in negligible amount, at the site of gene transfer. Cellular uptake of DNA is a 
complex process, and varies in terms of the different cell types and/or stage of 
differentiation of such cells, and/or the efficiency or even plausibility of such 
uptake. The type of vector employed will also necessarily affect the kinetics of 
such uptake. 

8. Bonadio used a gene transfer system, which is not suitable for transfection of 
undifferentiated cells. For example, the adenoviral vectors used by Bonadio 
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depend upon CAR-mcdiatcd uptake, a receptor known to not readily be 
expressed on immature, noncommitted progenitor cells (see for example, Rebel 
V.I. ct ah. Stem Cells (2000) 18: 176-82; Zhao Q, etal., Blood (1994) 84:3660- 
6), at the time the invention was made. Therefore, based on my J 8 years of 
experience and expertise in the field of Molecular and Cell Biology it is not 
credible, that at the time the invention was made, direct gene transfer 
experiments conducted by Bonadio targeted undifferentiated cells. There fore, in 
my opinion Bonadio does not provide a foundation that BMP gene transfer 
supplies more than paracrine effects for healing a bone infirmity and Bonadio 
cannot predict the organized functional bone formation of the instant invention 
which occurs as a consequence of transfer of an enriched population of ex-vivo 
cultured BMP-2 expressing MSC (MSC-BMP-2). 

9. The experiments in examples 7 S 9, and 1 1 conducted with CHO cells expressing 
BMP-2, and collagen sponges loaded with purified BMP-2 can serve as an 
indication of the contrast between what Bonadio describes and the instant 
invention. Differentiated cells at a site of bone infirmity are the bulk recipients 
of the gene construct of Bonadio, or responders to the purified protein produced 
at ihe site, and not stem or progenitor cells. Such cells did not home to the site 
of bone infirmity, and did not produce as qualitatively or quantitatively 
organized functional bone, as compared to the MSC-BMP-2. The CIIO-BMP 
and loaded sponge controls serve as reliable indicators as to what direct gene 
transfer produces at a fracture site. 

10. Lee describes osteogenesis via local administration of a morphogenic protein. 
Osteogenesis is assumed in Lee, based solely on alkaline phosphatase 
production by osteoblasts in culture. Lee does not provide any demonstration of 
bone formation, but rather production of alkaline phosphatase alone, in vitro. 
There is no indication, based on Lee, that ex-vivo cultured BMP-2 transduced 
MSC promote organized functional bone formation in vivo. Moreover, Lee's 
findings rely solely on paracrine effects of' the BMP for stimulating osteoblast 
AP production, in my opinion, the data presented in the subject Application 
demonstrate that paracrine effects alone do not result in organized, functional 
bone formation. 
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11. Ahrcns discloses in vitro responses of progenitor cells to a group of 
osteoinductive compounds (which include, ijtter-alia, a BMP). Ahrens provides 
no foundation for the likelihood that implantation of such cells, transduced only 
with a vector expressing a BMP, in vivo, will stimulate organized, functional 
bone formation at a site of bone infirmity. Such a result is predicated on 
appropriate cell homing and orientation along the defect edges, a result, which 
could not have been foreseen, based on Ahrens. 

12. Neither Ahrens nor Lee describe, or provide a foundation for cells alone, in lieu 
of any other osteoinductive matrix, stimulating bone formation. Certainly 
neither describe nor provide any foundation for organized, functional bone 
formation of the instant invention, i.e. bone formation along fracture defect . 
edges, as demonstrated in the subject Application. Accordingly, the differences 
in implantation of an enriched MSG population expressing BMP-2 promoting 
organized bone formation, within the boundaries of the fracture edges, and lack 
of appreciable bone resorption could not have been predicted, based on Bonadio, 
Ahrens, or Lee, alone or in combination. 

13. The Examiner cited the Fang reference in support of Bonadio's mechanism 
being the same as that of the claimed invention. In my opinion, this is incorrect. 
Pang does not and cannot support this position for the following reasons: 

- Fang describes BMP-4 uptake by fibroblasts; 

- Since the BMP-4 uptake is by fibroblasts, its effect on bone 
formation must necessarily be via a paracrine mechanism; 

- The claimed invention however, is directed to use of an ex- vivo 
cultured BMP-2 transformed/transduced progenitor cell, which 
exerts both paracrine and autocrine effects. The subject Application 
demonstrated that paracrine effects alone are insufficient to promote 
organized bone formation. Thus, Bonadio, even in view of Fang, 
docs not support or provide a foundation for the claimed invention. 

14. Moreover, Fang in fact contradicts Bonadio's contention that the mechanism of 
gene transfer results in the specific targeting of progenitor cells, since in Fang, 
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the construct was expressed by fibroblasts. Thus, Fang questions the credibility 
of Bonadio as lo the mechanism of action of direct gene transfer in inducing 
bone formation. 

15. Paracrine effects of BMP-2 arc not sufficient to promote organized bone 
formation and prevent bone resorption at the site of a bone infirmity. Example 
1 1 specifically demonstrates that better bone formation occurs when BMP is 
expressed predominantly by the MSCs as this provides for autocrine and 
paracrine effects, which yields better, qualitative and quantitative bone 
formation, which is organized along the defect edges, and subject to no 
appreciable resorption. 

16. Wozney describes expression of a BMP2 receptor. However, no description of 
the use of ex-vivo cultured MSC transduced/transformed with BMP-2, in 
inducing organized functional hone formation at a site of bone infirmity in cells 
responding to the growth factor is disclosed in Wozney, Bonadio, Ahrens, or 
Lee, alone or in combination. In my opinion, therefore, Wozney's findings, 
when combined with the other cited references, neither implies, nor renders 
obvious the paracrine and autocrine effects on bone formation by implantation 
of cx-vivo MSC transduced/transformed with BMP -2, further comprising a 
BMP-2 receptor. 

1 7. Hattersley describes the use of PTH and its receptor in combination with a 
BMP, for applications in tissue repair. Hattersley neither alone, nor in 
combination with the above cited references describes, nor provides any 
foundation for the use of ex-vivo cultured MSC transduced/transformed with 
BMP-2, with or without further expression of PTH and its receptor in inducing 
organized functional bone formation at a site of bone infirmity. 

18. Accordingly, it is my opinion that none of the cited references, alone or in 
combination, describe, or provide a foundation for inducing enhanced, 
organized, functional bone formation at a site of bone infirmity in a human by 
implanting in an allogeneic subject, an ex-vivo cultured MSC 
transduced/transformed with a human BMP-2. The Bonadio, Ahrens, and Lee 
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disclosures do not credibly lead one to a population of cells capable of forming 
organized, functional bone at a site of bone infirmity., since it is improbable that 
Bonadio targets the cultured population, and further combination with Lee or 
Ahrens in vitro results do not support bone formation, in particular in the 
absence of exogenous provision of an osteoinductive matrix or compound. 

19. The combination of Wozney, Ilattersley, Fang, Bonadio, Ahrens, and Lee could 
not have predicted the unexpected results obtained in the claimed invention, 
which resulted in enhanced, organised, functional bone formation at a site of 
bone infirmity, In-vivo studies demonstrated that engineered progenitor ceils 
(C3II-BMP2), in comparison to administration of 3 fig recombinant human BMP2, 
or engineered non progenitor cells (CIIO-BMP2) produced enhanced bone 
formation and most surprisingly, that the formation was in alignment with the 
original defect edge, this despite the fact that greater amounts of BMP-2 were 
secreted from the CHO BMP-2 cells. 

20. The paracrine effects of BMP-2, as described in Bonadio and Fang, are not 
sufficient to promote organized bone formation and prevent bone resorption at 
the site of a bone infirmity. Nor does the combination of Bonadio, Fang, 
Ahrens, WoTmey, Hattersley, or Lee lead one to the unexpected finding that an 
enriched population of MSCs expressing BMP-2 are particularly useful in 
promoting organized functional bone, by a process mimicking that which occurs 
in spontaneously healing bones, and producing qualitatively and quantitatively 
better bone than that achieved with delivery of the BMP via paracrine effects 
alone. 

21. In view of die reasons and the facts described above, one skilled in the an would 
not be able to predict the organized, functional bone induction at a site of bone 
infirmity produced via implantation of ex- vivo transformed/transduced MSCs 
with BMP-2, as claimed in the subject Application. 

The undersigned further declares that ail statements made herein of his own 
knowledge are true, and that all statements made on information and belief are 
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believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made* are punishable by fine or 
imprisonment, orbotb^ under Section 1001 of Title 18 of the United States Code, and 
that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 




Date: 



October 1 9. 2006 



Edward M. Schwarz, PhD 
Professor of Orthopaedics 
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Abstract 

Adenovirus vectors have httti used to transfer genes 
irrto both hematopoietic progenitor cells and tumor celts, 
including carcinoma cells that have metastasized lo bone 
marrow (DM). However, Ihe relative susceptibility of 
different subsets t>r hematopoietic cells is unkiiwn. In 
permtssiv* tells admoviral-rncdiatcd gene transfer is 
mediated by the coxsackievirus and adenovirus receptor 
(C4R) protein and Ovintcgrms. expressed on the ceil sur- 
face Of the target cells. This prompted us lt» investigate 
the expression of CAR on suhpop illations iif hematopoi- 
etic cells, determine whether tJiis protein placed a role in 
adenovirus-mediuted gene transfer of hematopoietic 
«jHk and whether wc «mht modulate Cl\R to enhance 



Introduction 

I he eaisy accessibility' of hematopoietic progenitor cells 
aid rhdr ability m generals long-term progeny in vivo are 
two character jtffcs thai make these cells important targets for 
gone therapy. For this purpose, u wide variety of viruses have 
been used including retro*, adeno-, adeno-associated, and 
lenli viruses [ I -6 1 . Adenoviruses are wble io infect noncyclmg 
cells and am be concentrated to extremely high tilers: how- 
ever, gene expression is * transient. Thus, for gene therapy 
applications in which transient gene expression is desired, 
adenovirus may be the preferred vector for gene delivery into 
quiescent hematojjoielic progenitor cells. Examples are the 
delivery of the amphotropic retroviral receptor or a mitogen 
to increase (he sensitivity of cells to subsequent retroviral 
infection or improve (lie success rtttc of integration of a 
refrovirus-cricodcd transgene into Hie genome, rcspcctively 



g«ne transfer efficiency. In this report We show that 
CAR is expressed Oil approximately 40% of all human 
BM cells, including erythroid and myeloid cells, but not 
lymphoid cells. Or the 01)34* cell*, 10%-I5% expressed 
CAR, but this did not include most colony -forming prog- 
enitor cells, nor the most primitive CD3X- -^popula- 
tion. The pre&encc of CAR correlated well with gene 
transfer efficiency, hut we Were una hie. to induce CAR 
expression Oh immature, noncotnmittcd progenitor cells. 
In conclusion, oar results show that primitive hemato- 
poietk progenitor cells lack C\\t expression, but that 
expression i* acquired during erythroid and myeloid 
differentiation. Stem Cells 2(KH); !$: J 76-232 



[7, 8]. The susceptibility of CUXM 1 hematopoietic progeni- 
lor cells to adenovirus is somewhat controversial.' Recent 
studies suggest that adenovirus vectors currying a "suicide" 
gene may be suilable for bone marrow (BM) purging of 
cancer cells; in these experimenls the breast cwreinom a cells 
Icslcd were nmch more easily transduced than freshly iso- 
lated BM cells, which were rvhilivcly resistant [9, 10]. 
Hecause of interest in using, adenovirus as a purging vector, 
it is extremely important to establish the susceptibility of 
primitive DM cclis to infection and the different mecha- 
nisms by which virus may enter the cell. 

Cellular infection by adenovirus is a multistep process 
that involves the interaction of the trimeric fiber protein and 
the pcnlamcric pentoh base protein of the virus with specilk 
receptors on the largct cells. First, the virus attaches to the 
cell, ;i process mediated by ths fiber protein. The cellular 
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Rebel IJiirtnett, Denton e: al. 

receptor for the fiber protein was recently identified with Ihc 
isolation of The common coxsnck'ie aj)d adenovirus receptor 
(CAR) protein [111. Alter attachment, virus internalization 
and membrane permeabilization occur through (he interac- 
tion of the penton base protein with ct, integrins on the tar- 
get cells [12]. Although adenovirus infection is most 
efficient when hotli CAR and a* integrins are present on the 
target cells t there is increasing evidence for successful ade- 
novirus-mcdialcd gene transfer using allcrnativc pathways 
that circumvent the lack of cither type of receptor [13, 141. 

Adenovirus inleclion of human CJ.M4+ hematopoietic 
progenitor cells, a population thai includes long-term repop- 
ulating stem cells, requires certain culture conditions and a 
high multiplicity of mfoclious (MOI) particles per cell |2f- 
Compared to certain primary cells or tumor cell lines* the 
relatively inefficient adenovirus -mediated gene transfer of 
hematopoietic progenitor celts may be in part due to the lack 
of expression of o^ integrins on their cell surface 1 1 5, 16J. 
Little is known about the expression of CAR on hematopoi- 
etic cells, ulthough niRNA for the CAR protein has been 
demonstrated in CD34 + cells i sola led from leukopheresis 
products [1 7'j. Jn light of these findings, wc wanted lo inves- 
tigate whether the CAR protein is expressed on the cell sur- 
face of subpopulations of hematopoietic cells. If so, we were 
interested in answering the following questions: A) does the 
expression of Ihc CAR protein correlate with suswptibilily 
to adatoviral gene transfer in hematopoietic cells and B)can 
we idenlily cytokine? that iDOduitfe the egression of CAR 
and therefore the gene transfer efficiency? We show thai 
CAR expression on freshly isolated BM cells is mainly 
found on differentiated erythroid and myeloid cells, on a 
smalt proportion of CD34 4 progenitor cells, but nol on lym- 
phoid cells. Gene delivery into freshly isolated CD34* cells 
correliiles well with the level of CAR expression, but still 
requires targe amounts of virus. 

Materials and Methods 

Preparation of Human BM Cells 

Discarded bags and attached filters from LJM harvests 
of normal donors were rinsed with Iscovc's modified 
Dulbecco's medium (IMDiM) .(Life Technologies; (irand 
Island, NY; hltpy/www.lifclceh.com) containing 2% fetal 
bovine serum (fi 'liSj Sigma Chemical Co.; St Louis, MO; 
hnp;//N\ r ww.sigm ( i-ald]'i ch.com) to obtain the remaining BM 
cells. The cells were thai ccutriiuged over a layer of 
Hi.tfopaque*-I077 (Sigma) to deplete erythroid and granulo- 
cytic cells. The cells were frozen (in J MOM, 50% HHS, 10% 
dimethylsulfoxidc [Sigma]) and further separated on the dxy 
of the experiment 01)34* progenitor cells were enriched 
using a positive selection method recomm ended by the 
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manufacturer (Ce prate LC separation system. CetllYo; 
Bothell, WA). 

Cell Staining and Sorting 

Flow cylumclric dcteclimi of CAR on The cejl surface was 
performed using die monoclonal antibody (mAb) RmcB [1 8], 
which was either directly conjugated to fluorescetn isotmo- 
cyanate (FTTC) or phycocTylhrin. To define the dillerent 
hemiiTopoietic subpopulations and tJieir expression of CAR, 
BM cells were $imultm)e<ms1y stained with anti-Cl )34-cya- 
nine 5 (Becton Dickinson; San Jose, CA; http://www.bd.coni), 
RmcH-WTC, and a mAb directed against one of the following 
lineage markers: CD33, CD14. or CL>38 (Lfccton Oidcinson), 
glycophorin-A, CD4 together with CDS, or CD19 
(PharMingen; San Diego, CA; http^/www.phanningcn.com). 
In every experiment irrelevant isolype controlled mAbs were 
used lo determine background staining. All staining proce- 
dures were done in phosptate buffered saline ([PBS] life 
Technologies) nSnt contained 2% KBS. The cell labeling was 
performed on ice (35 inin) after which the cells were washed 
twice. Propidium iodide (plj Sigma) (2 ug/m I) was added dur- 
ing Ihc second wash prior To resnspertsion in IMiS, 2% H.iS. 
Ihree-color flow cytometric analyse and cell sorting were per- 
formed (Bi a Coulter Epics* Rlife ESP (Coullcr, Hialcah, FT.; 
h tlp://beckmancoul ter.com). 

Jo analyze individual colonies for CAR expression, 
colonies were plucked from methylcelhilose (MC), incu- 
bated for 1 h in PBS containing 2% FCS, to allow the MC 
to dissolve, spun down once and subsequently stained with 
the appropriate mAbs. Two-color fluorescent-activated 
cell sorter (FACS) analysis of ihc MC colonies and the sus- 
pension cultures (see later) were analyzed on a single laser 
FACScan (Becton Dickinson; Mountain View, CA). 

Colony-Forming Cell (CFC) Assay 

To determine the CFC Conlent of The sorted CD34' I3M 
cells, celts were plated in TMDM/0.9% MC media (MclhoccJ 
MC, Muka; Uuchs v Switzerland; http://www.sigma- 
aldrich.com) containing 30% dclined FBS (HyClome 
Ljibomtorie? Inc.; I^ogan, Iff; http://www.ri yclone.com) and 
the following hunlttn recombinant cytokines: Steal factor 
QSF] 50 ng/mlX intcrleukin 3 ([IM) 20 n^ml), GM^CSF (20 
ng/ml), and erythmpoierin ([F,po] 3 U/ml). IL-3 r TI.-6, and 
GM-CSF were generous gilts from Genetics InSTiMte 
(Cambridge, MA; http://www.genctics.coin). SF and Epo 
weie purchased from R&A) Systems (Minneapolis, MN, 
h Up y/www jndsystcms.com). Duplicates of 1,000 cells (or 
as otherwise indicated) per 35 mm dish were plated. 
Colonies were scored in situ after 14-20 days of incubation 
at 37°C In a humidified atmosphere of 5% C() s m air using 
well-established criteria [19]. 
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Scrum-Free Suspension Culture 

Enriched CD34* BM cells were cultured in senim-iree 
medium prepared as described previously f201. Cells were 
initiatly cultured in i ml volumes in 24- we I! culture plates 
and kept at a density below 1 x 10* cells/mt. Hie medium 
was supplemented with various combinations of Ihc fol- 
lowing cytokines: Sl ; (50 n^ml), Fll*3 ligand ([FL] 100 
ng/ml) s IL-6 (10 ng/ml), IL-3 (20 ng/ml), J).,-? J (25 «g/ml), 
GM-CSP (20 ng/ml), mid Epo (2 U/nd). FL was kindly pro- 
vided by Imtnuiiex (Seattle, WA; htlp://ww.inimunex.com) 
and IL-1 1 by Genetics Institute. The cultures were maintained 
at 37°C in a humidified atmosphere of 5% CQ; in uir. Al sub* 
sequent d*iy^, the cultures were harvested, viable cells (exclud- 
ing trypan blue) were counted using a hemocytometer and 
nhenotypic analysis was performed «<> described above. 

Adenovirus Construction and Preparation 

The adenovirus vector (lull contains the green fluo- 
rescent protein gens (AdGFP) was kindly provided by 
Bob Carter and Richard Mulligan (Howard Hughes 
Medical institution, Children's Huspilal, Boston, MA; 
hnp;//www.hhini.arg>, and was constructed by first sub- 
cloning the GFP cT)NA into pAdlox. a shuttle vector that 
contains a single loxP site. This expression cassette was lin- 
earised and cotransfccled into CRR8 cells with ti>e \f$ 
helper virus, which is an P.l - and kVdeleted version ol"Ad 5 
that contains loxP silcs Hanking (he packaging site. 
Recombination occurs between tlie two linear molecules at 
the loxP sites (21J. We mer> pterjue-puhiied the virus and 
expHiidetl il on 293 eelk using standard techniques. liach 
virus inoculum was purified by a CsCl step gradient fol- 
lowed by a CsCl equilibrium gradient, diaiyzed against a 
' glycerol buffer and stored al -20°C. 

Adenoviral Infection Protocol and Analysis^ 

Atlern short cutlurc period (-4 h) CD.W-enriched cells 
were incubated with AdCJFP for 20 h at 37°Q al a MOl of 
500, or otherwise initialled. The incubations were done in 
serum-lroc medium, supplemented with SI\ tt* 11^6, mid 
Epo in 100-200 id volumes in %-well plates when <I0 5 
cells were to be infected, or in 1 ul cultures in 24-well plates 
when the cell numl>er was between lOMO*. The analysis by 
FACS for green fluorescence intensity as it measure lor gene 
transler was performed immediately after the 24- h of culture. 

RKStrr.TS 

Expression of CAR on the Cell Surface of Sub populations 
or Hematopoietic Cells 

DM cell suspensions were stained with mAhs directed 
against CAR and various lineage nuckei-s representative for 



erythroid (glyc<Tphorui-A>, myeloid (CD33 and CD14), and 
lymphoid (CDI9and CD4/CD8) cells. Figure 1 shows repre- 
sentative FACS profiles: CAR is expressed on --40% of tutu I 
I W cells, including glyeopfaorin-A ; uells, CD14', and CD33+ 
tells. In conlntsL very few CAR + cells can be demonstrated 
among the lymphoid Cl)l f / or QMflP cells, To identity 
CAR expression on more primitive hematopoietic progenitor 
eells, BM eells were stained with a cocktail of mAbs identi- 
fying Cl'334, CD3X, and CAR- l*rom Figure 2Ait is immedi- 
ately clear that The level of CAR expression on CD34* cells is 
considerably lower than 111 at on mature myeloid or erytftroid 
cells (Fig. 1). Only 10%-1 5% of 00.34^ cell* express CAR al 
a level comparable 1o flmt o£ e.g., CAR'CD33' cells (box 2, 
Fig. 2A) iind l%-2% express high levels of CAR (box 1, 
Fig. 2A). Counterstaining CI^4 + t:AfT cells with « e<anbi- 
nation of lineage markers (glyeophorin-A, CD! 4, CD33, 
CD38, CD19, CTM, and CDS) revealed mat these cells 
expressed one or more of these markers (data not shown). 
This finding suggests that CAR expression on hematopoi- 
clic BM cells may be limited mostly to mature erythroid and 




Glycophorln»A 




CD33 



CD14 




tO° 10' ID* to 3 ID 4 
CD19 




Itsfure I.MR is on the ceH surface Of erythroid andnyebM, hat 

iwf lymphoid ceils. Deputed aw rrpresenfuiive profiles qfliva (PI") um&pittat?4 
BM nxsfKViiideur cells. 



PAGE 20/29 * RCVD AT 2/20/2007 10:29:22 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-2/22 " DNIS:2738300 ' CSID:6464175511 * DURATION (mm-ss):1442 



20. Feb. 2007 17:32 PEARL COHEN ZEDEK LATZER 



No. 3226 P. 21 



Rebel llanm dedm et al 



17? 



myeloid cells and a small proportion of committed progeni- 
tor cells, Indeed, when CAR expression was determined on 
CD3<TCD38 cells, a population of cells lhal contains 
prifnitive nonobese diabettc/severe combined immunodefi- 
ciency (NOD/SCI l.>) reponuUting cells |22, 23 | t CAR 
expression was not detectable (Figs. 2B and 2C). 

CAR Expression on CFC 

The phenorypic analysis suggested that fhe majority of tie 
progenitor cells does not express CAR. We wanted to 
invL-Sligfitc whether functional jimilyHis could valiJiilc Ihisreuull. 
CD3A X BM cells wxc separated on the basis of CAR expression 



as indicated in Figure 2A (box 1-3) ami 0ic different subsets 
were thai wiiily^ud lor ftieif ability to fait?) colonies in MC. Otoe 
such analysis is shown in Table 1. Most ol* the colonics arc 
recovered in the CAR fraction, a distribution that is in 
accordance with the relative CAR expression on 01)34" cells. 

Since the progeny of CPC arc more dillerenlialcd cells, 
we were interested to determine the CAR expression on these 
cells. Individual colonies from the CA ({-fraction were there- 
fore isolated and (he cells stained wilh an anli-CAR mAb 
together with the appropriate lineage marker to confirm the 
morphological appearance of the colony. Colonies scored as 
BFU-E were oounlcrsluincd wilh glywphorin-A and colonies 



Figure Z CD34' CD38~ progeni- 
tor cdh do not express CA/i. 
Cf>-W selected call* were, 
stained with mAb directed 
againsi the indiixilvd cell surface 
antigens. Shewn are representa- 
tive FACS 'profiles from live (PI~J 
calk. A. In this experiment U.4% 
of Kill celh expressed 

intermediate levels of CAR (bvx 
2) and U% high levels (box J). 
B. Simultaneous staining with 
aitiCf)34 and mtiCDMmAhx revealed That ths CD34+Cf)3,H calk (indicated hy the calif m hose 4) do not express CAR (C). 




.: Tabic Iht.majuiily.. 6£CFC;doeiirtLrXjiras:£J& '■;■] ": 
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I )ala represeri one of Lwo cxpcrimcnLi; the other experiment showed vary aymilsr recalls. 

*CDiM + cell* were sorted * indicted in tfgurc 2A (boxes ] -3) JL)tip] jc«cs of ) t 000 cells per d«h were plaied. 

b Thc recovery was calculated as follows: for each subset and type of colony, the observed number per 10 1 ccJH ww multiplied hy the respective 
fraction lhal the suhscl rcpnscnlcd of the Uital CTJ34' cells. This correclcd number was then divided by the total number of amines recovered 
(Le„ the sum of the corrected colorry numbers of the three subsets) and multiplied by 100. 



A: BFU-E 




B: CFU-G/M/GM 



8 

Q 
O 



Figure 3. CAR* cells can Act 
found timOng the progeny vf all 
type* of CFC. Shawn arc repra- 
smitativa FACS profiles, of live 
(FJ ) cell* obtained by plucking 
MC colonies 14 days after the 
cells had been plated. Bryihroid 
colonies (A) mostly showed a 
profile as presented here, hut 
occasionally alr.vftl of CAR that 
was comparable to that vf cells 
obtained from CFU-G/M/GM 
colonies (B) was detected. (C) 

Mixed lineage colanies contained calls from th* erytkroid, myeloid and nie^akaryocytic lineage. 
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Adcnovine Receptor Hxpression in Uwampoitf fe Cecils 



Figure. 4. Expression of CAR 
correlates with adenovirus- 
mediated gene transfer efli- 

dmcy. Fra- enriched CD 34" 
cells were- simultaneously stained 
vrith anii-CAR and anti-CD34 
mAhx. C034 1 calls were sorted 
on the hosts of CAR ax indicated 

by the- boxes, The results of 20 h 
exposure toAdGFP during a 24- 
h culture period for each fraction 
are shown in the figure. Each 
data point with h40) 500 consists 
of two to three tHdsipandt'Ht 
experiments. The data paints 
obtained with MOI SO represent 
a single experiment. CAR"* oelh are 




P- CAR" 



p- car 1 ™: 
^ CAR-: 



10° 10 1 10 2 10* 10 4 
CD34 



% GFP 4 " cells 
MOI 50 ' MOt 500 



25.9 

13.2 
3.8 



64.4+ 13.2 

32.81183 
6.B±1.4 



CD34 ' cells thai express intermediate lewis ofC/JL im - trttftrnt&dwite. 



.<cored as granulocytic and/or monocytic (CFU-G/M/GM) 
were countcrsljiined with CD33. The* mullilineuge colonies 
(CFU-GEMM) were also stained with CD33 \o identify the 
myeloid component in an often dominant erythroid appear- 
and:. Figure 3 show* the various types of colonies fiiat were 
identified by flow cytometry. A iargc proportion of cells iso- 
lated from erythroid colonies stained brightly positive for 
CAR {Fig. 3 A). Cells irom myeloid clonics all stained inter- 
mediate positive for CAR (Ffg. 3B), 25 did *»e CFU-GEMM, 
but the level of CAR expression was on average lower than 
thai of (be myeloid colonics (Fig. 3C). Thus, while the major- 
ity of clonogenic progenitors is CAR (Table IX ^di prog^y 
show aa increase in the level of CAR expression (Fig. 3). 

Adenoviral Gene Transfer Efficiency in Relation to CAR 
Expression 

To determine whether there was a correlation between 
CAR expression and efficiency of adenoviral gene transfer 
in CD34 4 cells, CD34' tells went separated on the basts of 
CAR expression, and the differcnl fractions were cultured 
for 24 h. During the last 20 h of culture, cells were exposed 
to an adenovirus construct that contained the gene for the 
AdGI'V. After 24 h, the culture was then aliased by FACS 
for G1P egression (i.e., greej) fluorescence intensity). 
Figure 4 shows the combined results of three such experi- 
ments. The best gene transfer efficiency was indeed 
obtained with cells that expressed the highest level of OAK 
<CA«" cells); 64.4 ± 15.2%, compared to 6.S = 1.4% in 
cells mat did not express CAR (CA R~ cells). 7>ie cells that 
expressed intermediate levels of CAR (CAR"" cells) 
showed intcxracdialc levels of gene transfer: 32.8= 18.8%. 
This effect was dose-riependent; decreasing the MOI 10- 
fold reduced the gene Irwitfer rate C071 sifter ably. Thus, tiie 
level of CAR expression on freshly isolated CD34 1 BM 
eclls correlates well with the proportion of c;i T + cells after 
a 24*h exposure lo AdGFP. 




2 3 4 5 6 
Days in culture 



Figure $. G4#* arMs produced in culture are mostly C/)3<t . 
Presented is ant. of three tsxpertrnnnts, showing th& numhnr of 
CAR" cells (CD34 1 and CD34-) thai initiate the culture at day 0 
and the production of CAR* cells (CD34* and CD 34') ai subse- 
quent dayx. f'ha munher of cells was calculated by mult iplyiny, tk> 
total cell mtmkzr by tkn fraction of cells of a jTartkular jfoenotype 
obtained by FACS analysis. 



Cytokine* Do Not Induce CAR Expression 

BM cells enriched for CD34' progenitor cells were cul- 
tured under serum-free conditions to determine whcLhcr one or 
a combination of cytokines could induce CA R exjveiiSion tin 
such cells. The following cytokines were tested in one., two, 
and fourthly cultures, either alone or in combination: SF, FU 
!Lr6\ IL-3 ? IL-ll, GM-CSK and. Upo. No cytokine or combi- 
nation thereof- 33 conditions were tested — could be identi- 
fied that showed a superior effect on CAR expression (data not 
shown). All subsequent cell culnires were therefore i>erfo<wed 
in serum-free medium, supplemented with SF, FL, IL-6, and 
Kjx>, n culture condition demonstrated to maintain the most 
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primitive hematopoietic cells [1, 24, 25]. Over a seven-day 
uillurv period, Ihc number of C1334+ cells that express CAR 
slays nearly constant (Fig. 5). However, the number of CD34 
cells thar express CAR increases dramatically with lime. Thus, 
as CD34' cells lose CD34 expression, they acquire CAR. this 
result, together with the rtoenofypic analysis and iunclicnal 
C\*C data, surest lhal expression with CAR in hematopoietic 
cells isreuilcd to myeloid and crylhroid differentiation. 

Discussion 

AdeooviniiMnedialcd gciic transfer is highly efficient ro per- 
missive cells, such as Hela. celts, or iionpermissive cells stably 
infected with the gene encodini CAR [11, 14]. In contrast, we 
show here Thai flic transduction of genes into primitive CI )34' 
hematopoietic cells by an adenovirus consmict is noi very etfb> 
live. In ourhmds, only 15%-20%of CD34* cells exposed for 20 
h to adenovirus were transduced, a result that directly correlated 
wift the level of CAR expressed on the cell yuriacc. However, 
CAR expression was found to be associated wilh cdlularuificr- 
entiution. These results predict very bw adennvirus-ni abated 
gene transfer into immature long-term repO]Milatin& hematopoi- 
etic stem cells (I JSCs). Indeed, in one experiment in which puri- 
fied CD34'CD38- cells were exposed to AdGlP for 20 h of the 
24 h in culture, only 2% gene transfer efficiency could be demon* 
stated (data noi shemn). These results appear to contrast with a 
piuvious nrpurt showing lhal quiescent Q*)34' r Cl>3S- cells were 
GFT* after exposure to an adenovirus GFP cunstnict [2J. Several 
reasons may account for this difference: first; the poft-infection 
time allowing for gene expression (24 h m our experiment versus 
4H h), and second, flie starting population thai was infected. We 
infected ptiriliwl 0034X038 cells, whereas Neerwg et d. used 
total CD34* cells and analysed the proportion of Iransfcclcd 
CD34*Cf)3X- cells by 1-ACS. It is possible thai there arc acces- 
sory cells present in the CD34* cell population lhat facilitate gene 
transfer into other eetj$, The mechanism by ^^hich (his occurs is 
unclear, birr it is templing lo speculate lhal these cells produce 
certain cytokines thai upregulate eel! surface molecules, tis yet 
unidentified, tJiat are important for adenoviral inlections in prim- 
itive hematopoiotic cells. Interestingly, although adenoviral gene 
transfer into human primitive cells is inefficient at best, murine 
long-term renovating lISCs arc quite cllieicnfiy Iransducible 
with the same construct (unpublished data, 1 999). 
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Several approaches have been taken lo improve adenovirus 
infection of otherwise non permissive cells, such as modulating 
the viraJ surface structures with which the virus may attach to the 
target cells and the ose ol'HgenTs lo focililale the virus-target ceil 
binding |26-28|. Our approach, i.c, trying io induce CAR 
expression on hematopoietic progenitor cells, has so iwr been 
unsuccessful. The cytokines we tested were chosen based on 
previous studies describing their (relative) baieficial effect on 
CD34* cells in maintaining NOlVSCJD mouse regulating 
ability [1, 29, 30|. tfeeanse our goal wus not uoly to induce 
CAR, but also to maintain rjhcnotyrjc'funciion, the cytolones 
that were tested were limited to SF, PI , 11 ^6, EI J, J \A 1. CM- 
Ctib\ and Ivpo. However, studies with other cell types may 
point us towards examining other cytokines, not usually 
thought of in relation to culturing Cl)34 : cells. In this regard 
it is of interest lhal 1L-2 was lound lo induce Ihc expression nf 
Ihe fiber receptor on Ihc cell suriacc of lymphocytes, whereas 
this receptor was undetectable in nonculmred, freshly isolated 
lymphocytes [31]. Whether this receptor was indeed CAR 
needs lo be verified, or, for example the a^h integrin, as oth- 
ers have shown to be involved in Adenovirus binding to 
human monoetjc veils |32f. Interestingly, a small subset of 
CD34 1 cells do express this integrin (33] and may provide a 
tool to improve adenovirus mediated gene transfer inlo 
hematopoietic progenitor cells. 

In conclusion, our results clearly demonstrate Thtil CAR is 
expressed on hematopoietic cells and that its expression is 
directly related lo Ihc susceptibility of these cells to adenoviral 
gene transfer. We also demonstrate tiiat tiie majority of CAR* 
hematopoietic cells «re lmc«ge-wnunitted cells and not the 
more primitive CD34' jxugenilor cells. Our findings, along with 
those of others [2], that high MOIs ar e needed to Successfully 
infect hematopoietic cells wilh adenovirus, suggest that at low 
MOI, adenovirus may provide a good vehicle for oncolytic ther- 
apy in cancer. 
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Stage-Specific Oligonucleotide Uptake in Murine Bone 
Marrow B-Cell Precursors 

By Qiuyan Zbeo, Thomas Walrfschmidt, Eric Fisher, Charles J. Hen-era, and Arthur M. Krieg 



PluofVBCftin ipothtocyannte (FFTCl-pongugeted phosphgdw*- 
tor and ptiosphorothioata oBgonuctootidss wars uud In 
four-color flow cytometry with murine bona marrov\# c&Os 
stained with monoclonal antibody specific for the dtffarenti- 
stfon marker* B22Q, £7 <CD43|, and BP-1 to show possibfo 
stage- ftp fttiffC oligonucleotide uptake. R«Urtiv*ly low uptake 
wn9 ob»ww>d among pre— Pro- and <wly Pro-B crfs. Ut« 
Pro-B- and pre-B colU had incrtaaod oUgomicteetfda uptake, 
whams B catte had a kowm lavat. Cell rrwnbrarw binding 
of otiyonudootidas varied during B-catl dHforanttation in par- 

ANTISENSE ohgOdooAynuclcOtidcs (ODNs) have bc- 
Xm. come a widely used research tool. By blocking gene 
translation in a sequence- specific manner, antisensc ODNs 
can provide very useful information on the function of genes 
Of interest- Originally exploited solely for the experimental 
regulation of gene expression in studies of cultured cell lines, 
antisense ODNs have been increasingly applied to investiga- 
tion* using primary cell cultures or in vivo adrrnmi^lrfcitjon. 1 ' 7 
Despite these rapid strides in developing applications tor 
antiscDSe ODNs, many or the relevant basic mechanisms 
remain poorly understood. 

For an antisease oligonucleotide to have an effect* it must 
first enter the target Ceil. ODN uptake in cell lines is satura- 
ble, sequence independent, and temperature and energy de- 
pendent' Although there is some evidence to suggest that 
such uptake may occur through an 80-kD membrane pro- 
tein/- the gene for Lhis has not yet been cloned or further 
characterized. Unfortunately, the mechanismCs) of ODN up- 
take into primary cells has not been investigated as thor- 
oughly as in cell lines. 

Anti sense ODNs have been used by several research 
groups investigating the role of various oncogenes in hema- 
topoiesis and mitogeaesis. 0 " 1 * Such studies have generally 
been performed in cell lines. It would be of great interest to 
study hematopoiesis and B-ceU differentiation in primary 
cells using ant; sense ODNs. If ODN uptake were heteroge- 
neous among different subsets of primary cells* the interpre- 
tation of these experiments could be altered. Indeed, we Jmve 
previously shown that, although oligonucleotide uptake in 
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a I lei whh intarmalizwtjofi, which w«* document**) by confo- 
cal microscopy. An FtTC-conjugatod polyanlomc dextran sul- 
fate also thowarf dltforftfrtlation-reLatad B-calJ aaaoewtion, 
juggeslrng the prtienct of call membrane bindlna wt« spe- 
cific for poly an Ion s. a& opposed to a unique future of fha 
DNA backbone. Interpretation at antitansa experiments in 
murine bone marrow ceP» wfR need to account for th« hot- 
*roft*fVfrini3 oliporwctoctlda uptsfca among dtfferantiatino. B 
calls. 

€> 1994 by the Amoricon Society of Hematology. 

murine .-spleen cells was saturable and temperature depen- 
dent, like uptake in eel) lines, this uptake was quite heteroge- 
nous: cultured B cells had much higher uptake than T cells. 12 
On? of the most popular methods for studying tbc cellular 
uptake of oligonucleotides hus been the u&e of radiolabeled 
oligonucleotides. Unfortunately, the results of experiments 
using end- labeled oligonucleotides can be affected by cellu- 
lar phosphatases.* 6 - 17 Another important caveat to the inter- 
pretation of studies using radiolabeled oligonucleotides is 
that dead cells can have much higher oligonucleotide uptake 
than live cell a. Thus, differences in the uptake of radiola- 
beled oligonucleotides between different cell populations 
could result from variations in the proportion of dead cells 
unless this has been carefully controlled. A further lirnitation 
of using radiolabeled oligonucleotides for studies of hetero- 
geneous cell populations (such as primary cells) is that this 
Technique does not allow one to readily distinguish whether 
uptake results from many cells taking up a modest amount 
of oligonucleotide or from a cell subpopulation taking up a 
great deal. 

Flow cytometry offers an attractive alternative to radiola- 
beled oligonucleotides for determining whether oligonucleo- 
tide uptake in primary cell* is heterogeneous or uniform. 
Using a two- laser cytometcr, cells can be cultured with fluo- 
rescein isothiocyanutc (FITC) -conjugated oligonucleotides 
and then stained with three different cell subset- specific 
monoclonal antibodies (MoAbs) conjugated to three differ- 
ent dyes fluorescing at distinct wavelengths. Data are ana- 
lyzed by gating on the desired combination of antibody stain- 
ing characteristics to determine the relative levels of 
oligonucleotide upwke in each cell subpnpulation of interest. 

Progenitor bone marrow (BM) cells committed to the B- 
cell lineage, all of which express the B220 marker, can be 
readily studied using flow cytometry. The pre -Pro-B, early 
and late f*ro-B, Prc-B, and B-cell stages can be distinguished 
by their differential expression of several celt surface mole- 
cules, including heal-stable antigen, and determinants recog- 
nized by S7 and BP-l. at The S7 MoAb recognizes CD43 
(referred to as, S7 herein), which is expressed in B-ecN pre- 
cursors up to the Prc-B cell stage of differentiation iI and is 
also expressed in most myeloid cells. The BP-1 MoAb 
detects ii cell surface protean (termed BP-1 herein) that is 
expressed on the- large prolifera ting late pro-B- and pre— B- 
cell populations but not on earlier or later B-ccll precur- 
sors. 71 ' 22 In the present study, we used four-color flow cytom- 

Bloocf, Voi 64, No 11 (December 1), 19S4: pp 3660-3666 
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STAGE SPECIFIC OLIGONUCLEOTIDE UPTAKE 

etry with FTTC-oligoniiclco^dw and antibodies to these 
dttcrminaDts to investigate whether oligonucleotide uptake 
may be. a stage- Specific marker of B-ccil differentiation. We 
also studied the temperature and oligonucleotide backbone 
dependence of uptalx by murine BM B-cell progenitors. 

MATERIALS AND METHODS 

Mice. DBA/2 mice were bred And housed in (he Urtiverjity of 
Iowa specific: patho$cn-fYfcc animal care unit with free ncoess to food 
and water. NZB mice were purchased from The Jackson Laboruiuiy 
(Bar Harbor, ME). At 6 to & week* of age, they were killed by 
cervical dislocation and BM cells were prepared sicrLfeiy far further 
Study. 

Oligonucltntids.s, ¥YTC was COnjug&ied tD the oligonucleotide? 
through the 5' -hydroxy! using a fluorescein amiditf? (Pharmacia, Pis- 
cataway NJ). Id the text. FTTC-OoIigonUCi^OCid* refers \0 phospho- 
dicstcr oligonucleotides bearing a 5' fluorescein and FITC-S-oHgo- 
tmcleotide refers 10 phraphorothiaates bearing a 5' fluorescein. 
Oligonucleotides were synthesized on an Applied Biosystems Itic 
(Foster City,. CA) model 3*4 DNA synthesizer. Phosphodiesier oli- 
gonutle-oiides were. synthesized usinjt standard 0-cyanoethyl phoc- 
pboramiditc chemistry. PtiOSphorothioate linkages wen? introduced 
by oxidizing the phosphite linkage with elemental sulfur instead of 
the standard iodine oxidation.™ Oligonucleotides were ULuiu tccied 
by treatment with concentrated ammonia at 55~C for 12 hours and 
were purified by gei exclusion chramAtDgraphy and polyacrylarnidc 
gel electrophoresis and lyoptulizcd to dryness before use. Tbs ratio 
of absorption at 490 nm and 260 nm was identical for the different 
oligonucleotides, indicating that they were equivalent* v purfi- 
Heterapolymer oligonucleotides conjugated to Cy3. 18 were synthe- 
sized m "described.** Each modified FITC-oligonucleotlde was syn- 
thesized with two different sequences (5' GAGAACX5CTGGACCT- 
TCCAT 3' and 5' TGCTAGCTGTCCCTGTACCT 3'). Because 
there was no apparent difference in cellular uptake in initial experi- 
ments, these two sequences were used interchangeably in suburqueiU 
experiments. 

Cell cultures. Murine B\l cell cultures were set up by preparing 
singlcn^ll Rvspensions, wafihing tvrice, and culluring 5 X 10 1 cells 
in 1501 RFMM640 media containing lfcfc heat-inactivated fetal 
bovine serum. SO /im ol/L 2 ME, 100 U/rnL penicillin, 100 /ig/mL 
streptomycin* and 1 mmnVL L-gluutmine at 37*C 5% COi. and 
100% buruioity. Where indicated, I /ig of FrTC-oligonueleoiide or 
FTTC-deAtTun wus added at the beginning of culture. Dead cell* were 
eliminated by purification over lymphocyte M (Accurate Chemical 
Co, Westbury, NY) before analysis. 

Antibodies and nragentS. Pliycoexythrin (PE)-6B2 was pur- 
chased from Pharmjpgen (San Diego, CA) Texas Red-avidin (used 
to detect bkxin MoAb) was purchased from Vector Labs (Buri- 
irtgame. CA). Antibody biot»nyUuon was performed using standard 
techniques. Cyanine-5 conjugated antibodies were prep.ired using a 
commercial kjt from Biological Detection Systems (Pittsburgh, PA) 
according to the roaDufueturcrs instructions. Pt>ly anionic FTTC-dej- 

tran (molecular weight [MW] 10.000) was purchased from Molecular 
Probes (Eugene, Oft). Pli-avidin was purchased from Leinco (St 
Louis, MO). 

Flo^v fylrtmetty for now cytometry were washed and 

stained in Hank*s balanced salt solution (HHSS) with 0.01 sudium 
azide with the indicated antibodies for 30 minutes at 4°C using 1 
fig. 24G2 (and-h'cR) and normal rabbit serum to block nonspecific 
binding. Data on viable cells (30,000 per sample) were collected by 
fnur-color flow cytometry on an EPICS 753 (Coulter, Hiateah, HL) 
equipped with a 3 -decade Jojj amplifier and two 400-mW lasers: a 
4K8-nm argon- ion User and a 600-nm Rhodamine 6G dyehead laser. 



r*bJ* 1. Tim* Court* of Oltoo nucleotide Uptake and Eprw 

Mtf an FITC ftu6r«6C6ftcB* 



Tinw 1or UptiK* BZ20\ BP-t ' B220*. BP-1 " 



Aiitofl uorascence 


5.5 


3.4 


0.5 h 


U.6 


12.9 


1.5 h 


413 




3 h 


05.9 


38.© 


5h 


61.5 


37.2 


t2 h 


44.3 




24 h 


63.1 


38,4 


aft h 


75.4 


46.8 


1.5 h efflux 


45.6 


30,4 


3 h efflux 


32.4 


24wO 



* Mean F[TC fluoreaceoce w« con\rdrtOd frorn chtnrrat number, 
Bot-M rnarfevsM eall* war* set up ar 37*C in cuRure essentially as de- 
scribed In the IVUrteri&k and Methods except that 8 x 10 s cb\\& were 
cultured In 0.5 mL medium for 4S h^ur*. Thrc* ffticrO&f arm? of FTTC- 
S^O (^nucleotide (final concentration, 1 fimol/L) was added to each 
Eampie at the ap(XT>prEate tim* after initiation of culture to allow up- 
take for me times shown. To study efflux, cells ware cultured vwith 
FrTC'S-aJIgonueleotide for 12 hourt, washed, and than cultured at 
37"C iri rnwliuiti without o^ooucleotide for the Times indicated. All 
samples were than washed and slaved together with biotin* BP- 1 and 
Cya^iirte-5-632 followed by PE -avid in. Propfdium iodkle ww add«J 
immedi«ely OCf&re «nsly*is and tha data were gated on B22&*. Pi- 
ce I la. 



Data were analyzed using Coulter £lile softwure after gating on 
living lymphocytes. All experiments shown were performed at leaJtt 
three tunas with Bimilar reRulls- For experiments using all four colors, 
''living ryrnpbocyies" were defined by forward versus orthogonal 
gates. Some experiments were performed in which viability was 
confirmed by propidium iodide exclusion. Fropidium iodide was 
evaluated and therefore, staining was Mrnited to cyanine-5-BP-l and 
PE-6B2 (sec, eg. Table 1). This ftndiog -showed that the differeotial 
oligonucleotide uptake- between the BP-l" and 6Bi* BP-1" 

populations did not result from variations in ceil viability. Isotype 
conUol antibodies wtrt Use** to dc*crrriiDe nonspecific st&tnip£. Ba od 
pass filters were at 525 (FTTC), 575 (PE), 635 (Texas red), and 670 
{Cyarunc 5). In some experiments, a HACScan (Bcclon Dicfcinson, 
Mountain View, CA) containing ft 15-m W argon-ion laser was ufied 
with Lysis fl Boftwan?. 

Ccnfoud rnicrvsuopy. Confocal microscopy was pcrforrncd after 
cell culture as described above using a TtioRad (Richmond, CA) 
MRCG00, with a fcrypton/arfiou laser and Nikon (Melville, NY) 
optiphoto optics with a 60x 1.4 NA object) vx, and images were 
printed with a Sony UP5000 video printer. Cells were washed at 
4*C but not fixed end were immediately analyzed under covenOip& 
in HBSS, In some eiq>erirncnt$. a temper^nire-coinrrolled stage was 
us*d to irtabitain wimples 3t 4°C. 

PESULTS 

Deterrniruxion cf B-ccil progenitor gates- B520 J * mouse 
BM B-cell progejnitors can be divided into distinct matura- 
tional Stages based on their surface staining for S7 and BP- 
l. 2> To diilinguiih the^c stages* gates were then set on the 
SI" and S7" and the BP-t* and BP-1" subsets of rhe B22U" 
population (Fig 1A and B). As reported by Hardy et al t ?l 
the B220 + S7 + had the ItiWest levels ofB220 and were loss 
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S7 




io 1 io 2 
BP-1 

Pig 1. $*ning of prOfl»*irtor B-C*B WUr% Fraah Oft A/2 BM eella 
W*f* *t»*n*d for ffow cytometry as described with (B220), 
cyftntn«-B^7 # and hlortln-BP-1 . Forward versus orthogonal gates ware 
tat to Include greater than ft5% of the B220' population. Two-color 
contour plots are ihown to indicate how gats* Wora mi on the 
B220*S7\ 8220*57 . 3220*^-1*. &Z20*BP-r Th*»« gate, 

war* then combtaad tod**™ th» »34o*£»*BP-l-, R22<rS7*BP -1". 
R22Q*£7 - BP-T. and EcCttJ ' S7"BP-T ~ call subsets. Bocatra the for- 
ward vereus orthogonal scatter waaaatto Include large cafe, myeloid 
call*, which «ra S7 + , B22CT, ar* rttftdsly apparent MyaloM call* haw 
increaaed mrtofluomscaiitctj, accmmtlng for their apparent dutt pow- 
frv'rty for 
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common than B22TTS7" cells. Combinations of the appro- 
priate gates could thus distinguish pre-pro- and early 
pro B cells (B220~S7*BP-r ) from late pro-B ceils (B220 v 
S7 + BP-r), prc-B cells (B220 + S7"BP-r). and B cells 
(B220 + S7 BP- 1 ). 2 ' la separate experiments, the validity of 
this gating and the consistency of our staining with that of 
*1ardy et af was confirmed using additional MoAb inciud- 
Ing Ml/69 (heat-stable antigen) and slg (not shown). Early 
pro-B cells and pre- pro-B ceils, which are both B220' 
S7"^BP-1", can be distinguished by their staining for heat- 
stable antigen, 31 These populations had no substantial differ- 
ence in oligonucleotide uptake, and so arc shown together 
in the figures as pre -pro- 3, 

I Inter association of oligonucleotide in progenitor B 
cells is stage specific. BM ccJls were cultured with FITC- 
otigomieteotides as described in Materials and Methods, 
washed, and stained as described above to enable gating on 
four Stages Of B-ccll differentiation. FTTC histograms of 
these gated populations showed relatively low oligonucleo- 
tide uptake in the pre -pro*B- and B-cell populations, but 
higher uptake in the pro-B- arid pre-B-celJ populations (Fig 
2). Uptake was uniformly low among Thy] + , B220" BM T- 
cell precursors (not shown). This differential uptake did not 
appear to be an artifaa of the HTC r$g on the oligonucleo- 
tide because it was also seen in separate experiments using 
oligonucleotides- labeled whh Cy 3.18* a fluorochrome with 
distinct physicocheroical properties 24 (data not shown). At 
the 4-hour time point studied, there is relatively little degra- 
dation of the FTTC-O-oligonueleotide*" (data not shown). 

Similar patterns of uptake were seen in nonautoirnrnune 
DBA/2 and autoimmune NZB mice (Fig 2). Slightly in- 
creased uptake wag present in the most mature subset of 
N£B BM B cells, which may be caused by the fact that 
NZB B-cell precursors show increased spontaneous Activa- 
tion 35 and that oligonucleotide uptake is increased among 
activated cells. 13 

Tempemwre utid backbone dependence of oligonucleotide 
uptake. To investigate the temperature dependence of oli- 
gonucleotide uptake* cells were cultured with oligonucleo- 
tide at 4 P C and compared with those cultured at 37°C. FTTC- 
oligomicleotide binding to cell membranes at 4°C was 
specific in all cell subsets because it was competed by uncon- 
jugated phosphoroihioate competitor using previously de- 
scribed methods. 20 In addition, wc compared the relative 
levels of uptake of FfTOOand FTTC-S-oligonucleotides 
and a poly anionic FITC-dextran of similar MW. The FITO- 
S-ohgonucleoridsK, showed substantially increased binding 
tti all cell subsets compared with the unmodified backbone 
(Fig 3). The poly anionic dextran was studied because of our 
preliminary dtiLu indicating that it binds to the same cell 
surface sites as oligonucleotides and has similar intracellular 
locali/.ation by confocal microscopy (not shown). Cellular 
association of both oligonucleotides and thcpolyanionic dcx- 
tran was temperature- and time-dependent (Fig 3). 

Even in the cells cultured On ice, there was 4 modest bul 
consistent increase in the level of oligonucleotide present in 
the late pro-B and pre-B cells compared with that in ihc 
other B-ceU stage*, suggesting thac the former cells have 
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Bo 2. Sto0««*porific ceftutw atwoatiort of oigo* 
rtuctwtw*. DfiA/2 (top pan«fe> and NZ& (bottom 
p*r*t*> BM c#tt* wort cutturvd for 4 hours at 37°C 
With FrTC^oTigoi>uUi rti dt to Allow uptik» Ihb 
Mfttffekb and Methods) arid ttien rtainod u in Fig 
1. FTTC hrtftograiii profttn* art «hOwn for the riffi- 
0«tMl cvtl stibvvtv for Mch toovse strain. 
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higher levels of membrane oligonucleotide binding sites. 
Both oligonucleotides and the polyanionic dextran showed 
the same partem of preferential association with the late pro- 
B and pre-B cells at both temperatures. These cells were 
slightly larger 26 and had slightly higher levels of auto- 
fluorescence than the pre-pio-B and B cells (compare * 'no 
oligo" tomograms. Fig 3)» but this was still below the level 
seen with oligonucleotides or dextran. By gating on small 
Or targe cells within' each subset 13 and by examining the 
forward scatter profiles of the subset*, wc verified that the 
differential uptake among the subclasses could not be attrib- 
uted to differences in cell volume or surface area (data not 
shown). Although the oligonucleotides could readily com- 
pete the surface binding of the FITC-dextran, an unconju- 
gated polyanionic dextran had little reproducible effect On 
FlTC-O-otigonucleotide eel) binding (data noi shown). 

Time course of oligonucleotide uptake and efflux. BM 
cells were cultured for 48 hours at 37°C und FTTC-S-oiigomt- 



eleotidt was added at various time points. For efflux studies, 
the oligonucleotide was washed out the indicated number of 
hours before flow cytometry analysis (Table i I), Because 
the B220* S7* BP-r and B220+ S7" BP-1 - subsets had 
low oligonucleotide uptake and the B220* S7 + BP-1" 1 " and 
B22(r S7" BP-H subsets had high oligonucleotide uptake, 
those subsets were pooled into two groups: B220', BP-1 
and BP- ) + (Table 1 ). This pooling enabled us to use 

the detector that had been devoted to £7 for propidiuitt iodide 
instead, thereby ensuring that the cells analyzed were viable. 
These studies confirmed that at every time point during 
FTTC- S- oligonucleotide uptake and efflux, oligonucleotide 
levels were higher among the B220 + , BP- 1* cells (Table 1). 
Uptake reached a plateau by 3 hours. Fluorescence micros- 
copy of unwashed cells showed that cellular fluorescence 
was typically at least as intense as the background leve] in 
the medium containing FlTC-oligonucleotide (not shown). 
Ccli-associaicd oligonucleotide declined by approximately 
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Fig 3. Temperatur* ddp*rr> 
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Ftfl 4. Intracellular olipomideotidB localization. Phase contrast (A) 
and ftvorescence imase IB] of typical BM caHs obtained by corrtocal 
microscopy, showing the bfttBrogenofty of uptake men with an HTC- 
$-p096nucto0li<foi Although the ceil or the right « slipfttfy out of 
focu*, no uptake was visible within that celt in any plane of focus. 



50% m botb cell subsets after 3 hours erf efflux (Jablc I), 
Uptake was more gradual in BM ceils thai bad not been 
preeukured for 48 hours (data not shown). 

Intracellular oligonucleotide htcalk/ttiofi- The tempera- 
ture dependence of cellular oligonucleotide association seen 
in (he. experiments above suggested the possibility that tlie 
fluorescence seen in cells cultured with oligonucleotide at 
4°C was caused by binding to the cell surface uttd tliai cell 
culture at d7°C resulted in oligonucleotide internalization. 
To test this hypothesis, we used confoeal microscopy. In 
cells cultured on ice, FITC-oligomicleotide was localtsd 
solely on the cell membrane by confocaJ microscopy; in 
cells cultured at 37*C oligonucleotide was present intraccllu- 
larJy (Fig 4 and data no; shown). Autofluoreseenee was not 
detectable under the conditions used. Among ceils thai took 
up FITC -oligonucleotide, fluorescence was typically speck- 
led and cytoplasmic wiin very little nuclear fluorescence (Fig 
4). Both Fn*C-0-oti£;cmucJeotides and FfTC-S-oh*gi>nueleo- 
tides showed similar patterns of localization, but the level 
of fluorescence was typically higher in cells cultured with 
the FJTC- S-ol igomicleoitdes. 

DISCUSSION 

The interpretation of experiments using nnuKense oligonu- 
cleotides in vivo or in primary cell cultures is critically de- 
pendent on whether ceU uptake is homogeneous or hetcnogo 
neous. With this in mind, the present .<uudy was performed 
to determine the relationship, if any, between oligonucleotide 
uptake and murine BM ceil differentiation. 

A£ previou&ly described by Hardy ct B-lincagc lym- 

phocytes pass through several sequential stages with distinct 
expression of cell surface molecules as ihey develop from 
their hematopoietic progenitors. Using flow cytometry, we 
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Could readily distinguish FlTC-oliconucieotide uptake 
nmon£ pre- Pro- and early Pro-B cells (B2>0"S7*BP-1 ") 
from late Pro-B cells <;B220"$7"BP-1") T Pre-B cells 
(B 220 'ST BP- 1 ' ). and B ceils (B220"S7'BP-i ' We. found 
libit uptake waft quite low among the pre- Pro- and early 
Pro-B cell*, increased in the BP-1^ late Pro-B- -and Pre-B- 
eell populations, and was lower among mature B cells. By 
examining cell association of FITC-oKgonucleot'tde in cdls 
cultured til showed (bat the level or cell membrane 

oligonucleotide binding differed among ceil subsets in the 
same way as ceil association at 37 ft C. 

Our analysis of the time course of FITC^S-oli^onucleotide 
uptake into and efflux from murine BM cells showed that* 
in both the BP- 1* subsets with relatively high uptake and the 
BP- 1" subset* with low uptake, the levels of cell-associated 
oligonucleotide plateaucd after culture at 37°C for 3 hours. 
Efflux was gradual* with approximately 50% decrease in 
cell-associated fluorescence by 3 hour**. Previous studies of 
oligonucleotide uptake in various cell lines have found thai 
a .plateau in uptake is reached after from j boor* to more 
than 6 io 12 hours. {W:M > However, interpretation of some, of 
these data using radiolabeled oligonucleotides h not straight- 
forward (both for the reasons given in die introduction and 
because the oligonucleotides were no( shown to be intact., 
leaving open the possibility that the label may have been 
released from degraded oligonucleotide and incorporated 
into cellular nucleic acids). As shown previously, F1TC- 
phosphorothioaie oligonucleotides arc highly stable in 
cells/"-* 1 thus avoiding these problem.*. 

Confoeal microscopy showed thai oligonucleotide is inter- 
nalized by living BM cells and shows a somewhat stippled, 
predominantly cytoplasmic localization compatible with en- 
docytotic uptake. There was very little nuciear localization.. 
This i*i similar to oligonucleotide distribution within spleen 
cells. 2032 These studies are in agreement with those of other 
investigators conducted in eel! lines using a variety of lech- 
ni^oes. 3 '^""* 7 Indeed, predominant nuclear localization is 
generally only reported in studies using microinjection of 
oligonucleotides or in dead cells. 3 *-* 1 From these and other 
unpublished studios, it appears increasingly likely that the 
rate-limiting step in anibiense oligonucleotide efficacy may 
be an exit from the endosomes. Exit from the endosomes is 
likely followed by rapid nuclear uptake/-'-™"* The oligonu- 
cleotide backbone appears to h«vc little effect on this 'local- 
ization, although it can be dramatically altered by conjuga- 
tion of lipophilic groups, 

Of note, the, stages with the highest oligonucleotide uptake 
are the same as those with the highest rate of proliferation. 26 
This may be related to our previous findings of markedly 
increased oligonucleotide uptake in iniiogen-stimuUued pe- 
ripheral B cells.' 3 A possible explanation for increased oligo- 
nucleotide uptake among proliferating cells is their need to 
obtain sufficient nucleic acids to double their ON A content-" 
This finding may explain why cell Tines have generally been 
found to have higher rates uf oligonucleotide uptake than do 
primary cell lines. 

Oligonucleotide binding to cell membranes- was- specific 
in mat it was compctabte, However, the cell membrane. DNA 
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